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INTRODUCTION 
The use of IR videothermography for nondestructive evaluation has 
typically been limited to situations where the thermal event of interest can be 
captured within a single video field time (16 ms). For many applications a 
shorter time scale would be required to make whole field IR video imaging a 
viable NDE technique. We have developed a method to acquire temporally 
well-resolved images of repetitive thermal events at frequencies as high as 4 
kHz. Our system uses an off-the-shelf commercial imager (Inframetrics IR 600), 
a video processor board, and a microcomputer. 
In addition to providing images of above-frame-rate phenomena, the 
system allows images to be acquired with significantly lower effective 
integration times than available with conventional systems. The advantage of 
this approach can be seen when attempting to image a time varying thermal 
target at low « 30 Hz) frequency, in which transient thermal processes during 
each cycle occur on a much shorter time scale than the period of the cycle. 
An example of such a system is an internal combustion engine, where engine 
rotation may occur at low frequency, but the thermal processes which 
constitute each cycle (e.g. flame propagation, surface heating and cooling) 
take place on a much faster time scale. 
LlNE-8Y-LlNE IMAGING 
The presence of temporal aliasing has limited the use of video thermal 
imaging to targets which are thermally slow with respect to the RS-170 video 
frame rate (30 Hz). Faster temperature variations will be subject to aliasing, so 
that a thermal image of a time varying target may yield false or misleading 
temporal information. One potential solution to this problem is the development 
of thermal imaging cameras with higher frame rates. We have developed an 
alternate solution which effectively reduces the integration time of a standard 
camera while maintaining the RS-170 video format. The "Iine-by-line" [1] 
method enables us to acquire temporally well resolved images of repetitive 
thermal events at frequencies as high as 4 kHz. . 
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The system consists of the imager (Inframetrics IR 600), a PC-AT 
compatible computer equipped with a frame grabber board (Thermoteknix 
GRAM I) , and a specially developed hardware interface to handle video 
synchronization. A reference signal from the target which is correlated to the 
event of interest must be provided to the interface. 
To obtain a line-by-line image, the synchronization interface monitors 
the motion of the imager horizontal scanning mirror, which scans bidirectionally 
at 4 kHz. When the onset of a scan line and the leading edge of the event 
reference signal are in phase (Figure 1) the line number is latched and treated 
as a "good" line (even in a severely aliased frame there may be horizontal lines 
which are undistorted). At the end of the video field, the frame is frozen and all 
latched good lines are transfered to the host microcomputer RAM. Multiple 
captures of a given line are averaged, for improved signal to noise ratio. The 
interface latches are then cleared and the process continues until an entire 
image has been acquired. 
The effective 1ntegration time for a line by line image is equivalent to the 
horizontal mirror scan time, which is 125 microseconds for the Inframetrics 
imager. A conventionally acquired image has a frame integration time of 33 
milliseconds, and consists of scan lines acquired on forward and reverse 
passes of the horizontal mirror, as well as duplicates of these lines required to 
fill up the frame. The line by line image can be composed entirely of lines 
scanned in either the forward or reverse directions, or of lines scanned in both 
directions. Duplicate lines are not used. 
THERMOGRAPHY OF A RUNNING ENGINE 
IR videothermograpghy of the combustion chamber in a running engine 
is possible if the engine is equipped with an IR transmitting window that can 
withstand the thermal shock and stresses present in the engine environment. A 
conventionally acquired IR image acquired through such a window will not 
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Fig. 1. A "good" line is acquired when the reference signal representing the 
event of interest and the imager's horizontal scanning mirror have some 
prescribed phase relationship. 
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reveal the component phases of the engine firing cycle (intake, exhaust, 
compression, power), as the transient thermal process are completed during 
the imager integration time. 
A 5 hp Briggs and Stratton single-cylinder, 4-stroke, L-head engine was 
modified [2] to allow optical access to the combustion chamber with the line by 
line system. The engine was equipped with a shaft encoder, which provided a 
synchronization signal each time the engine passed through top dead center 
(TOC). The Inframetrics imager was mounted so that it could look directly down 
onto the piston head. ZnS was used for the viewing window as it allowed 
passage of the 8-12 micron IR band, yet was strong enough to withstand the 
engine environment. The engine speed was maintained at 2000 rpm with a 
water brake, and a premixed propane fuel was used to minimize deposits on the 
window. 
Line by line images were acquired at several phases of the firing cycle, 
as shown in Figure 2. Each image is resolved to within' one degree of 
crankshaft angle. In the images shown in Figure 2, the first appearance of the 
flame can be seen entering the chamber from the top at 18 degrees before TOC. 
The other images in Figure 2 show the gradual progression of the flame across 
the piston head (some elongation of the images occured during the printing 
process, as the piston and the actual images are round). 
Fig 2. Line by line "snapshots" of the piston head resolved to 1 degree of 
crankcase angle. Top row crankcase angles (from left to right): -18.0°, 
-13.5° Bottom row: -7,5 0, 0°. Angles are relative to top dead center. 
2183 
Data Acquisition: 
Almir ~ • 
Crankshaft encoder 
Data Analysis : 
Horizontal mirror 
phase 
Fig. 3. Experimental setup for engine data acquisition and analysis. Video 
tape was used to record raw IR images. Stereo audio channels were 
used to record the reference signal and mirror synchronization signal. 
The videotape was then used as input to the system for data analysis. 
Acquisition time for line by line imaging is proportional to the frequency 
of the target. For the test engine, a relatively slow target, acquisition time for a 
complete line by line image was approximately seven miniutes. To insure that 
all images of the engine were acquired under the same conditions, the raw IR 
video was saved to a stereo videotape recorder, and the crankshaft encoder 
and scanning mirror signals were saved to the audio channels of the tape. The 
thermal "snapshots", such as those shown in Figure 2 were then extracted from 
the videotape as shown in Figure 3. 
CONCLUSION 
The enhanced temporal resolution provided by line by line 
videothermography allows thermal imaging of phenomena previously thought 
to be too fast for video imaging techniques. The technique is particularly well 
suited for fast (1 kHz < k 4 kHz) repetitive thermal phenomena, as the image 
can then be built in a matter of seconds, as opposed to slower phenomena 
where longer data acquisition times require that the target behave consistently 
for several minutes. The internal combustion engine is a less than ideal 
candidate for line by line imaging, yet the lack of alternatives for time resolved 
IR imaging make it an attractive technique. 
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